ACTUATOR AND METHOD OF MANUFACTURING A STRAIN ELEMENT 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an actuator using a strain 
element having such a property that it is deformed when voltage 
is applied, the so-called piezoelectric inverse effect, and 
a method of manufacturing the strain element. 

2. Description of the Related Art 

Conventionally, there has been an actuator using a 
piezoelectric element having such aproperty that a strain occurs 
and a deformation is caused when voltage is applied, the 
so-called piezoelectric inverse effect. In the actuator using 
the piezoelectric element, since an amount of deformation 
(amount of displacement) of the piezoelectric element is small , 
a mechanism portion {displacement enlargement mechanism 
portion) for enlarging the amount of displacement must be 
provided, and there has been a problem that its main body becomes 
large, and a problem that it takes labor to assemble the 
displacement enlargement mechanism portion. 

Incidentally, the displacement enlargement mechanism 
portion is, as disclosed in Japanese Patent Unexamined 
Publication No. Hei . 4-25640, a mechanical enlargement 
mechanism portion employing the principle of leverage , a liquid 
type enlargement mechanism portion employing Pascal's 



principle, or the like. 

Recently, an actuator in which the displacement 
enlargement mechanism portion is constructed by an actuator 
itself is proposed (Japanese Patent Unexamined Publication No. 
Hei. 6-216424) . This actuator is constructed such that a 
belt-shaped piezoelectric element is helically wound over the 
full length of a hollow coil spring. According to this actuator, 
when voltage is applied to the piezoelectric element, a torsion 
moment by the deformation of the piezoelectric element acts 
on the full length of the coil spring, so that the coil spring 
is displaced in the axial direction. The amount of displacement 
of the coil spring in the axial direction can be made large 
if the number of turns of the coil spring is increased. 

However, the actuator is assembled by helically winding 
the belt-shaped piezoelectric element over the full length of 
the hollow coil spring, and the step of helically winding the 
belt-shaped piezoelectric element is a very troublesome step, 
so that manufacturing costs are raised and the actuator is 
expensive . 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a small 
and inexpensive actuator which has a simple structure and can 
obtain a large displacement, and a method of manufacturing a 
strain element applied to the actuator. 



The actuator of the present invention has the following 
structure to solve the above problem. 

(1) An actuator comprises a strain element having a 
property of a piezoelectric inverse effect, in which the strain 
element is wound like a coil, and electrodes are formed on an 
inner circumferential surface and an outer circumferential 
surface . 

According to this structure, when voltage is applied 
between the electrodes formed on the inner circumferential 
surface and the outer circumferential surface, the strain 
element wound like the coil is displaced in a direction to 
contract or expand the diameter of the coil. At this time, if 
one end portion of the strain element wound like the coil is 
fixed, the other end portion, which is not fixed, is rotated 
in accordance with the contraction or expansion of the diameter. 
The rotation direction at this time is determined by the winding 
direction of the strain element, and the rotation amount of 
the other end portion is determined by the number of turns of 
the strain element or the like. 

Accordingly, since the displacement of sufficient 
magnitude can be easily obtained by adjusting the number of 
turns or the like , a displacement enlargement mechanism portion 
is also not required. 

Besides, the strain element having the shape wound like 
the coil can be easily formed by extrusion molding or the like, 



and formation of the electrodes on the inner circumferential 
surface and the outer circumferential surface of the strain 
element can be easily carried out by a well-known processing 
method such as a printing or plating method. Accordingly, the 
actuator of this invention does not require a troublesome step 
in its manufacturing process and can be formed inexpensively. 

(2) An actuator comprises a strain element having a 
property of a piezoelectric inverse effect, in which a metal 
coil wound like a coil is provided, the strain element is formed 
on at least one of an inner circumferential surface and an outer 
circumferential surface of the metal coil, and an electrode 
is formed on a surface of the strain element. 

According to this structure , the strain element is formed 
on one of or both of the inner circumferential surface and the 
outer circumferential surface of the metal coil wound like the 
coil . The electrode is formed on the surface of the strain element 
When voltage is applied between the electrode and the metal 
coil , in accordance with the displacement of the strain element , 
the metal coil is deformed in a direction to contract or expand 
the diameter of the coil. Accordingly, similarly to the above 
structure (1) , if one end portion of the metal coil is fixed, 
the other end portion which is not fixed is rotated. 

Besides , when well-known hydrothermal synthesis is used , 
the strain element can be easily formed on the outer 
circumferential surface or the inner circumferential surface 



of the metal coil wound like the coil. Besides, formation of 
the electrode on the surface of the strain element (the surface 
here is a surface at a side opposite to a contact surface to 
the metal coil) can also be easily performed by a well-known 
method such as a printing or plating method. 

Incidentally, as compared with a case where the strain 
element is formed on only one of the inner circumferential 
surface and the outer circumferential surface of the metal coil 
wound like the coil, when the strain element is formed on both 
the inner circumferential surface and the outer circumferential 
surface, the displacement of the metal coil becomes large, so 
that further miniaturization can be realized. 

(3) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect , in which the strain 
element is wound like a coil , an electrode having a width narrower 
than a width of the strain element is formed on an upper surface 
of the strain element along a side portion of one of an inner 
circumferential side and an outer circumferential side, and 
an electrode having a width narrower than the width of the strain 
element is formed on a lower surface of the strain element along 
a side portion of an opposite side of that of the upper surface. 

According to this structure, the electrode having the 
width narrower than the strain element is formed on the upper 
surface of the strain element wound like the coil along the 
side portion of one of the inner circumferential side and the 
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outer circumferential side, and. the electrode having the width 
narrower than the strain element is formed on the lower surface 
of the strain element along the side portion of the opposite 
side of that of the upper surface . With respect to two electrodes 
arranged side by side, since a desirable shape is such that 
all of them are formed on the strain element, it is appropriate 
that the width of the electrode is made not larger than half 
of the width of the strain element . However , even if the electrode 
has a size exceeding the half so that it protrudes to the outside 
or inside of the strain element, there does not especially arise 
a problem. 

When voltage is applied between the electrodes formed 
on the upper surface and the lower surface of the strain element, 
distortion is generated over the full length of the strain 
element wound like the coil, and displacement occurs in the 
axial direction. Since the displacement amount in the axial 
direction at this time can be adjusted by the number of turns 
of the strain element or the like, the displacement amount of 
sufficient magnitude can be easily obtained. 

Besides, as described above, the strain element wound 
like the coil can be easily formed by the extrusion molding 
or the like, and the formation of the electrodes on the inner 
circumferential surface and the outer circumferential surface 
of the strain element can also be easily carried out by the 
printing, plating method or the like. 



(4) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect, in which a metal 
coil wound like a coil is provided, a strain element having 
a width narrower than a width of the metal coil is formed on 
an upper surface of the metal coil along a side portion of one 
of an inner circumferential side and an outer circumferential 
side, a strain element having a width narrower than the width 
of the metal coil is formed on a lower surface of the metal 
coil along a side portion of an opposite side of that of the 
upper surface, and electrodes are formed on surfaces of the 
strain elements. 

According to this structure, the strain element having 
the width narrower than the width of the metal coil is formed 
on the upper surface of the metal coil along the side portion 
of one of the inner circumferential side and the outer 
circumferential side, and the strain element having the width 
narrower than the width of the metal coil is formed on the lower 
surface of the metal coil along the side portion of the opposite 
side of that of the upper surface. The electrodes are formed 
on the surfaces of the strain elements formed on the upper surface 
and the lower surface of the metal coil, respectively. 

When voltage is applied between the electrode and the 
metal coil, distortion is generated in the metal coil, and the 
metal coil is displaced in the axial direction. Since the 
displacement amount in the axial direction at this time can 



be adjusted by the number of turns of the metal coil or the 
like, the displacement amount of sufficient magnitude can be 
easily obtained. 

Besides, as described above, if the well-known 
hydrothermal synthesis is used, the strain elements canbe easily 
formed on the outer circumferential surface and the inner 
circumferential surface of the metal coil wound like the coil. 
Besides, the formation of the electrode on the surface of the 
strain element (the surface here is a surface at a side opposite 
to a contact surface to the metal coil) can be easily carried 
out by the well-known method such as printing or plating method. 

(5) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect, in which a metal 
coil wound like a coil is provided, two belt-shaped strain 
elements each having a width of not larger than half of a width 
of the metal coil are formed side by side on at least one of 
an upper surface and a lower surface of the metal coil, and 
electrodes are formed on surfaces of the strain elements. 

According to this structure, the two belt-shaped strain 
elements each having the width of not larger than half of the 
metal coil are formed side by side on one of or both of the 
upper surface and the lower surface of the metal coil. Besides, 
the electrodes are formed on the surfaces of the strain elements . 
Here, if the polarization directions of the two strain elements 
formed side by side are made opposite to each other , when voltage 
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is applied between the electrode and the metal coil , distortion 
is generated in the metal coil, and the metal coil is displaced 
in the axial direction. 

Besides , as compared with a case where two strain elements 
are formed side by side only on one of the upper surface and 
the lower surface of the metal coil, when two strain elements 
are formed side by side on both of the upper surface and the 
lower surface of the metal coil, the distortion generated when 
voltage is applied becomes large, so that further 
miniaturization of the actuator can be realized. Incidentally, 
the polarization directions of the two strain elements formed 
side by side on the upper surface and the lower surface are 
opposite to each other , the polarization directions of the strain 
element on the upper surface at the outer circumferential side 
and the strain element on the lower surface at the inner 
circumferential side are opposite to each other, and the 
polarization directions of the strain element on the upper 
surface at the inner circumferential side and the strain element 
on the lower surface at the outer circumferential side are also 
opposite to each other. 

(6) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect , in which the strain 
element is wound like a coil , an electrode having a height lower 
than a height of the strain element is formed on an inner 
circumferential surface of the strain element along an end 
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portion of one of an upper end and a lower end, and an electrode 
having a height lower than the height of the strain element 
is formed on an outer circumferential surface of the strain 
element along an opposite end portion of that of the inner 
circumferential surface. 

(7) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect, in which a metal 
coil wound like a coil is provided, a strain element having 
a height lower than a height of the metal coil is formed on 
an inner circumferential surface of the metal coil along an 
end portion of one of an upper end and a lower end, a strain 
element having a height lower than the height of the metal coil 
is formed on an outer circumferential surface of the metal coil 
along an opposite end portion of that of the inner 
circumferential surface, and electrodes are formed on surfaces 
of the strain elements . 

(8) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect, in which a metal 
coil wound like a coil is provided, two belt-shaped strain 
elements each having a height of not larger than half of a height 
of the metal coil are formed side by side on at least one of 
an inner circumferential surface and an outer circumferential 
surface of the metal coil , and electrodes are formed on surfaces 
of the strain elements . 

While the strain elements and the electrodes are formed 
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on the upper surface and the lower surface in the structures 
(3) to (5) , they are formed on the inner circumferential surface 
and the outer circumferential surface in the structures (6) 
to (8) , and the same effects as those of the structures (3) 
to (5) can be obtained. 

(9) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect, in which the strain 
q element is belt-shaped, an electrode having a width narrower 

yj than a width of the strain element is formed on one surface 

=P of the strain element along one side portion, and an electrode 

Ly having a width narrower than the width of the strain element 

l»J is formed on the other surface of the strain element along the 

other side portion. 
J* (10) An actuator provided with a strain element having 

a property of a piezoelectric inverse effect, in which a 
belt-shaped metal plate is provided, a strain element having 
a width narrower than a width of the metal plate is formed on 
one surface of the metal plate along one side portion, a strain 
element having a width narrower than the width of the metal 
plate is formed on the other surface of the metal plate along 
the other side portion, and electrodes are formed on surfaces 
of the strain elements. 

(11) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect, in which a 
belt-shaped metal plate is provided, two belt-shaped strain 



11 



elements each having a width of not larger than half of the 
metal coil are formed side by side on at least one surface of 
the metal plate, and electrodes are formed on surfaces of the 
strain elements. 

In the structures (9) to (11) , the coil-shaped strain 
elements or the coil-shaped metal coils of the structures (3) 
to (8) are replaced by the belt-shaped strain elements or the 
belt-shaped metal plates. 

(12) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect, in which both 
end portions of the strain element are spirally wound, and 
electrodes are formed on an inner circumferential surface and 
an outer circumferential surface. 

(13) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect, in which a metal 
coil having both ends spirally wound, the strain element is 
formed on at least one of an inner circumferential surface and 
an outer circumferential surface of the metal coil, and an 
electrode is formed on a surface of the strain element. 

In the structures (12) and (13) , since both the ends are 
spirally wound, when voltage is applied, a displacement can 
be generated at both the ends . 

(14) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect , in which the strain 
element is spirally wound, electrodes are formed on an inner 
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circumferential surface and an outer circumferential surface, 
and a dielectric is provided in parallel with the strain element . 

(15) An actuator provided with a strain element having 
a property of a piezoelectric inverse effect, in which a spirally 
wound metal coil is provided, the strain element is formed on 
at least one of an inner circumferential surface and an outer 
circumferential surfaceof themetal coil , anelectrode is formed 
on a surface of the strain element, and a dielectric is provided 
in parallel with the strain element. 

According to the structures (14) and (15) , since the 
dielectric connected in parallel with the strain element is 
provided, when application of voltage to the strain element 
is turned off, a return to an initial state of the strain element 
can be restricted by using electric charges stored in the 
dielectric . 

(16) A dielectric is provided in parallel with the strain 
element . 

According to this structure, as described above, the 
return to the initial state of the strain element can be 
restricted by using the electric charges stored in the 
dielectric . 

(17) The strain element is a laminated strain element. 
According to this structure, since the laminated strain 

element is used, each piezoelectric element can be made thin. 
In abimorph type piezoelectric element , as the thickness becomes 



small, the displacement becomes large, and the force generated 
by the displacement becomes weak. Since the plurality of 
piezoelectric elements are laminated, a large force can be 
generated when voltage is applied, and a large displacement 
can be obtained. Accordingly, the actuator can be constructed 
to be still smaller. 

Besides, a method of manufacturing a strain element 
according to the present invention comprises the following 
steps . 

(1) A coating film of titanium or a titanium compound 
is formed on a surface of a cylindrical mold, the coating film 
formed on the surface of the cylindrical mold is shaped like 
a coil, a crystal film of a strain element having a property 
of a piezoelectric inverse effect is formed on the coating film 
shaped like the coil by hydrothermal synthesis, and the strain 
element is removed from the cylindrical mold. 

According to the method of manufacturing the strain 
element, the crystal film of the strain element is formed by 
the hydrothermal synthesis on the coating film of the titanium 
or the titanium compound shaped like the coil on the surface 
of the cylindrical mold. Accordingly, by removing it from the 
mold, the strain element can be manufactured into the coil shape . 
An actuator wound like the coil can be manufactured by forming 
an electrode on this strain element. 

Besides , the coating film of the titanium or the titanium 



compound is formed on an inner circumferential surface of the 
removed strain element, and this film functions as an electrode . 

(2) A crystal film of a strain element having a property 
of a piezoelectric inverse effect is formed by hydrothermal 
synthesis on an inner circumferential surface of the strain 
element removed from the cylindrical mold, so that laminated 
coil-shaped strain elements can be manufactured between which 
the film of the titanium or the titanium compound functioning 
as the electrode is interposed. 

(3) A coating film of titanium or a titanium compound 
is formed on an outer circumferential surface of the strain 
element removed from the cylindrical mold, a crystal film of 
a strain element having a property of a piezoelectric inverse 
effect is formed by hydrothermal synthesis on the coating film 
formed on the outer circumferential surface of the strain element , 
so that similarly to themethod (2) , laminated coil-shaped strain 
elements can be manufactured between which the film of the 
titanium or the titanium compound functioning as the electrode 
is interposed. 

(4) A hydrophilic region is formed into a coil shape on 
a surface of a cylindrical mold made of a water-repellent resin 
as a base material , the cylindrical mold is dipped in a solution 
containing suspended fine particles of a strain element having 
a property of a piezoelectric inverse effect, the cylindrical 
mold is pulled up, and the adherent strain element is removed 
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from the cylindrical mold. 

According to the above manufacturing method, since the 
fine particles of the strain element adhere to the hydrophilic 
region formed into the coil shape on the surface of the 
cylindrical mold, the strain element wound like the coil can 
be manufactured by removing them from the mold. 

(5) A water-repellent treatment is performed so that a 
hydrophilic region is formed into a coil shape on a surface 
of a cylindrical mold made of a hydrophilic resin as a base 
material , the cylindrical mold is dipped in a solution containing 
suspended fine particles of a strain element having a property 
of a piezoelectric inverse effect , the cylindrical mold is picked 
up, and the adherent strain element is removed from the 
cylindrical mold. 

According to the above manufacturing method as well, 
similarly to the method (4) , since the fine particles of the 
strain element adhere to the hydrophilic region formed into 
the coil shape on the surface of the cylindrical mold, the strain 
element wound like the coil can be manufactured by removing 
them from the mold. 

(6) A hot isostatic press is performed to the cylindrical 
mold before the adherent strain element is removed from the 
cylindrical mold, so that the fine particles of the strain 
element adhering to the hydrophilic region is firmly fixed. 

(7) An electrode is formed on at least one of an obverse 



surface and a reverse surface of the strain element removed 
from the cylindrical mold,, this is again dipped in the solution 
containing the suspended fine particles of the strain element 
having the piezoelectric inverse effect, and is pulled up, so 
that a laminated coil-shaped strain element including the 
interposed electrode can be manufactured. 

(8) While fine particles of a strain element having a 
piezoelectric inverse effect are laminated in a vessel, laser 
light is irradiated to melt and sinter the fine particles of 
the strain element, so that strain elements of various shapes, 
such as a strain element wound like a coil, or a strain element 
wound like a spring, can be manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1C are views showing an actuator of an 
embodiment of the present invention. 

FIGS. 2A to 2E are views for explaining a manufacturing 
process of a coil-shaped piezoelectric ceramic applied to the 
actuator of the embodiment of the present invention. 

FIGS. 3A to 3E are views for explaining a manufacturing 
process of a coil-shaped piezoelectric ceramic applied to the 
actuator of the embodiment of the present invention. 

FIGS. 4A to 4C are views for explaining a manufacturing 
process of a coil-shaped piezoelectric ceramic applied to the 
actuator of the embodiment of the present invention. 



FIGS. 5A to 5C are views showing an actuator of another 
embodiment of the present invention. 

FIG. 6 is a view showing an applied example of an actuator 
of an embodiment of the present invention. 

FIG. 7 is a view showing an applied example of an actuator 
of an embodiment of the present invention. 

FIG. 8 is a view showing an applied example of an actuator 
of an embodiment of the present invention. 

FIG. 9 is a view showing an applied example of an actuator 
of an embodiment of the present invention. 

FIG . 10 is a view showing an applied example of an actuator 
of an embodiment of the present invention. 

FIG . 11 is a view showing an applied example of an actuator 
of an embodiment of the present invention. 

FIG . 12 is a view showing an applied example of an actuator 
of an embodiment of the present invention. 

FIGS. 13A to 13D are views showing an actuator of another 
embodiment of the present invention. 

FIGS. 14A to 14D are views showing an actuator of another 
embodiment of the present invention. 

FIGS. 15A to 15D are views showing an actuator of another 
embodiment of the present invention. 

FIGS. 16A to 16C are views showing an actuator of another 
embodiment of the present invention. 

FIGS. 17A to 17C are views showing an actuator of another 
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embodiment of the present invention. 

FIGS. 18A to 18C are views showing an actuator of another 
embodiment of the present invention. 

FIGS. 19A and 19B are views showing a sectional shape 
of a bamboo spring. 

FIGS . 20A and 20B are views showing an actuator of another 
embodiment of the present invention. 

FIGS . 21A and 21B are views showing an actuator of another 
embodiment of the present invention. 

FIGS . 22A and 22B are views showing an actuator of another 
embodiment of the present invention. 

FIG . 23 is a view showing an applied example of an actuator 
of an embodiment of the present invention. 

FIGS . 24A and 24B are views showing an actuator of another 
embodiment of the present invention. 

FIGS . 25A and 25B are views showing an actuator of another 
embodiment of the present invention. 

FIG . 26 is a view showing an applied example of an actuator 
of an embodiment of the present invention. 

FIGS . 27A and 27B are views showing an actuator of another 
embodiment of the present invention. 

FIG. 2 8 is a view showing an eguivalent circuit of an 
actuator of another embodiment of the present invention. 

FIGS . 29A to 29C are views for explaining a manufacturing 
process of an actuator of another embodiment of the present 
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invention . 

FIG. 30 is a view showing a laminated piezoelectric 
ceramic . 

FIG. 31 is a view showing a laminated piezoelectric 
ceramic . 

FIGS. 32A and 32B are views showing a laminated 
piezoelectric ceramic. 

FIG. 33 is a view showing a laminated piezoelectric 
ceramic . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present invention will 
be described. FIGS. lAto 1C are views showing an outer appearance 
of an actuator of an embodiment of the present invention. FIG. 
1A is a front view, FIG. IB is a view seen in a direction "A" 
shown in FIG. 1A, and FIG. 1C is a sectional view taken in a 
direction B-B shown in FIG. 1A. The actuator of this embodiment 
is such that as shown in the drawing, a piezoelectric ceramic 
1 as a strain element is wound like a coil, and electrodes 2 
(2a, 2b) are formed on an inner circumferential surface and 
an outer circumferential surface of the piezoelectric ceramic 
1. The piezoelectric ceramic 1 is subjected to a well-known 
polarization treatment and the orientation of crystal is 
adjustedsuch that when voltage is appliedbetween the electrodes 
2a and 2b formed on the inner circumferential surface and the 
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outer circumferential surface (positive voltage is applied to 
the electrode 2a, and negative voltage is applied to the 
electrode 2b) (see FIG. 1C) , an inner circumferential side is 
contracted and an outer circumferential side is expanded. 

Incidentally, the piezoelectric ceramic 1 may be made 
of lead zirconate titanate (PZT) series, or may be made of barium 
titanate series, lead titanate series, or the like. Besides, 
it may be made of high molecular piezoelectric material such 
as polyvinylidene fluoride (PVDF) . 

Next, a manufacturing process of the actuator of this 
embodiment will be described. First, the piezoelectric ceramic 
1 is shaped like a coil. For example, a raw material having 
viscosity higher than slurry and lower than a green sheet is 
used and it may be shaped like the coil by well-known extrusion 
molding, or the raw material is poured into a mold and it may 
be shaped like the coil. After the piezoelectric ceramic 1 is 
shaped like the coil, the shaped piezoelectric ceramic 1 is 
sintered (so-called firing process is performed) . Next, the 
electrodes 2a and 2b are formed on the inner circumferential 
surface and the outer circumferential surface of the sintered 
coil-shaped piezoelectric ceramic 1. The electrodes 2a and 2b 
are formed over substantially the full length of the 
piezoelectric ceramic 1 by well-known processing , for example , 
a printing or plating method. When formation of the electrodes 
2a and 2b is completed, the orientation of the crystal is adjusted 



by performing a polarization treatment in which high voltage 
is applied between the electrodes 2a and 2b while the 
piezoelectric ceramic 1 is heated up to about 130°C. When the 
polarization treatment is completed, finally, aging is 
performed in which temperature of the piezoelectric ceramic 
1 is lowered to about 80°C and heating is performed. By the 
above process , the actuator including the piezoelectric ceramic 
1 wound like the coil can be manufactured. 

The coil-shaped piezoelectric ceramic may be 
manufactured by a following method. 

FIGS. 2A to 2E are views showing a manufacturing process 
of a coil-shaped piezoelectric ceramic. A cylindrical mold 40 
is used in the manufacture of the piezoelectric ceramic {see 
FIG. 2A) . The cylindrical mold 40 is made of a low surface energy 
material such as fluorine or polytetraf luoethylene . Titanium 
is coated on the whole surface of the cylindrical mold 40 shown 
in FIG. 2A (titanium coating is performed) (see FIG. 2B) . The 
film thickness of a titanium coat coated on the surface of the 

cylindrical mold 40 is 5 to 30 [im. 

Next, the titanium coat coated on the whole surface of 
the cylindrical mold 40 is shaped like a coil (see FIG. 2C) . 
The titanium coat coated on the whole surface of the mold 40 
can be shaped like the coil by a well-known etching or laser 
cut (cutting into the coil shape by irradiation of laser light) . 
When the titanium coat is shaped like the coil on the surface 
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of the mold 40, a piezoelectric ceramic film, for example, a 
PZT film is deposited by hydrothermal synthesis on the titanium 
coat film shaped like the coil (see FIG. 2D) . 

The hydrothermal synthesis is, as well known, a crystal 
growth method performed in high temperature water, especially 
in high temperature and high pressure water. The thickness of 
the piezoelectric ceramic film deposited by the hydrothermal 
synthesis is about 10 um. The treatment temperature of the 
ui hydrothermal synthesis is 150°C. 

; 2 Since the piezoelectric ceramic film is deposited by the 

u\ hydrothermal synthesis on the titanium coat shaped like the 

q coil, it is deposited into the coil shape. The piezoelectric 

O ceramic film deposited into the coil shape is removed from the 

Q mold 40 (see FIG. 2E) . By this, the coil-shaped piezoelectric 

ceramic 1 can be manufactured. The coil-shaped piezoelectric 
ceramic 1 can be easily removed from the mold 40 by dissolving 
the mold 40 by a designated solvent. 

An electrode 2 is formed on an outer circumferential 
surface of the coil-shaped piezoelectric ceramic removed here, 
so that a coil-shaped actuator is manufactured. 

Incidentally, a polarization treatment may be carried 
out as the need arises. Besides, the titanium coat film coated 
on the surface of the mold 40 remains on an inner circumferential 
surface of the piezoelectric ceramic 1, and can be used as the 
electrode 2. 
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Besides, when the piezoelectric ceramic 1 removed from 
the mold 40 is again subjected to the hydrothermal synthesis, 
the piezoelectric ceramic 1 can be deposited on the titanium 
coat film of the inner circumferential surface. By this, a 
laminated coil-shaped piezoelectric ceramic {piezoelectric 
ceramic of two layers) can be manufactured. 

Further, after a titanium coat (thickness of 5 to 30 ^m) 
is formed on the whole outer circumferential surface of the 
coil-shaped piezoelectric ceramic removed from the mold 40, 
when a piezoelectric ceramic film is deposited by the 
hydrothermal synthesis, a laminated piezoelectric ceramic of 
three or more layers can be manufactured. 

As stated above, in the method of manufacturing the 
coil-shaped piezoelectric ceramic 1 using the mold 40, since 
the thickness of the titanium base member can be suppressed 
to 5 to 30 flra, an impeding force at the time of deformation 
of the actuator is low. Besides, since the coil-shaped 
piezoelectric ceramic 1 of laminate structure can be 
manufactured, it is possible to realize the actuator in which 
the displacement is large and the force generated by the 
displacement is also large. Further, if the piezoelectric 
ceramic 1 deposited by the hydrothermal synthesis is not removed 
from the mold 40, transportation in which the shape of the 
piezoelectric ceramic 1 is held can be easily performed. 

Incidentally, the film coated on the whole surface of 
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the mold 40 may be made of a titanium compound containing titanium 
as its main ingredient. 

Besides, although the method of manufacturing the 
coil-shaped piezoelectric ceramic 1 by using the hydrothermal 
synthesis has been described, the coil-shaped piezoelectric 
ceramic can also be manufactured by a method described below. 

FIGS. 3A to 3E are views showing a manufacturing process 
of a coil-shaped piezoelectric ceramic. The manufacturing 
method of the piezoelectric ceramic also uses a cylindrical 
mold 41 (see FIG. 3A) . This cylindrical mold 41 is made of a 
water-repellent or hydrophilic raw material. A coil-shaped 
hydrophilic region is formed on the surface of the cylindrical 
mold 41 shown in FIG. 3A (see FIG. 3B) . For example, if the 
raw material of the mold 41 is water-repellent, laser light, 
ultraviolet light or the like is irradiated to the coil-shaped 
region formed on the surface of the mold 41 to make the portion 
hydrophilic. On the other hand, if the mold 41 is made of a 
hydrophilic raw material, laser light, ultraviolet light, or 
the like is irradiated to a portion other than the coil-shaped 
region formed on the surface of the mold 41 to make the portion 
water-repellent . 

Next, the mold 41 in which the hydrophilic region is shaped 
like the coil is dipped in an alcohol solution in which fine 
particles of piezoelectric ceramic, such as PZT, are suspended, 
and is pulled up from the alcohol solution (see FIG. 3C) . In 



the mold 4 1 dipped in the alcohol solution , the alcohol solution 
(suspension liquid) in which fine particles of piezoelectric 
ceramic are suspended adheres to the hydrophilic region, and 
this suspension liquid does not adhere to the water-repellent 
region. Accordingly, the fine particles of piezoelectric 
ceramic adhere to the mold 41 pulled up from the suspension 
liquid in the coil shape. 

After the mold 41 pulled up from the suspension liquid 
is dried, in order to bond the particles of the piezoelectric 
ceramic adhering to the mold 41 to one another, the so-called 
HIP processing (hot pressure processing) is performed (see FIG. 
3D) . In the HIP processing, liquid is filled in a vessel resistant 
to high pressure, a rubber vessel containing the mold 41 is 
put therein, and high temperature and high pressure are applied 
to the liquid to compress the fine particles of piezoelectric 
ceramic adhering to the surface of the mold 41, so that the 
particles are bonded to one another. 

After the HIP processing, the piezoelectric ceramic 
shaped like the coil is removed from the mold 41 (see FIG. 3E) . 
By this , the coil-shapedpiezoelectric ceramic 1 is manufactured 
The coil-shaped piezoelectric ceramic 1 can be easily removed 
from themold41 by dissolving themold41 by adesignated solvent. 

The thickness of the coil-shaped piezoelectric ceramic 
manufactured here can be adjusted by the concentration of the 
suspension liquid or the pull-up speed of pulling up the mold 



41 from the suspension liquid. The concentration of the 
suspension liquid, and the pull-up speed of pulling up the mold 
41 from the suspension liquid are determined so that the 

thickness becomes about 10 |Jm. 

Here, electrodes 2a and 2b are formed on an inner 
circumferential surface and an outer circumferential surface 
of the manufactured coil-shaped piezoelectric ceramic 1 , and 
a polarization treatment is performed as the need arises, so 
that the coil-shaped actuator can be manufactured. 

Besides, when the coil-shaped piezoelectric ceramic 1 
which is removed from the mold 41 and in which the electrodes 
2 are formed, is again dipped in the alcohol solution in which 
the fine particles of piezoelectric ceramic are suspended, and 
is pulled up from the alcohol solution , the piezoelectric ceramic 
of laminate structure can be manufactured. 

Further, the coil-shaped piezoelectric ceramic 1 may be 
removed from the mold 41 without performing the HIP processing. 
In this case, since the fine particles of the piezoelectric 
ceramic 1 are not bonded between the particles, sufficient 
polarization is achieved when the polarization treatment is 
performed, and the piezoelectric efficiency can be improved. 

In this case, the electrode 2 is previously formed on 
the hydrophilic region of the mold 41, and is dipped in the 
suspension liquid. Then, a metal film or the like is stuck as 
the electrode 2 on the surface of the mold 41 pulled up from 



the suspension liquid, and the polarization treatment is 
performed. By this, the polarization treatment is performed 
to the piezoelectric ceramic 1. 

Also in the piezoelectric ceramic 1 manufactured in this 
method, similar effects to the case of manufacture using the 
hydrothermal synthesis can be obtained. 

Further, a method of manufacturing a coil-shaped 
piezoelectric ceramic 1 without using the molds 40 and 41 will 
be described. This method is a method which is recently 
popularized and in which while metal powder is laminated in 
a vessel , the metal powder is melted and sintered into a desired 
shape by energy of a laser beam. In this method, as shown in 
FIGS. 4A and 4B , while fine particles of piezoelectric ceramic 
such as PZT are laminated in a pressurized chamber 42 filled 
with an inert gas, laser light is irradiated to the laminated 
fine particles of piezoelectric ceramic in the pressurized 
chamber 42. In the portion which is irradiated with the laser 
light, the fine particles of thepiezoelectric ceramic aremelted 
and sintered. The laser light is irradiated so that the 
coil-shaped piezoelectric ceramic 1 is formed by this melting 
and sintering. Also by this method, the coil-shaped 
piezoelectric ceramic 1 shown in FIG. 4C can be easily 
manufactured. Besides, the piezoelectric ceramic 1 of another 
shape, such as a spring-shapedpiezoelectric ceramic 1 described 
later, can also be manufactured. 
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Besides, since the piezoelectric ceramic laminated in 
the pressurized chamber 42 is made the fine particles , sintering 
can be performed at substantially the same temperature as the 
other metal. Besides, by applying sufficient vapor pressure 
to the pressurized chamber 42, vaporization of lead in PZT at 
the time of melting and sintering can be suppressed, and the 
safety of operation can also be assured. 

Electrodes 2a and 2b are formed on an inner circumferential 
surface and an outer circumferential surface of the coil-shaped 
piezoelectric ceramic 1 manufactured by the above method, and 
the polarization treatment is performed as the need arises, 
so that the coil-shaped actuator can be manufactured. 

As stated above, in the actuator of this embodiment, the 
manufacturing process is simple and does not include a 
troublesome step , so that themanuf acturing cost is low . Besides, 
since the displacement amount can be adjusted by the number 
of turns of the coil or the like, a displacement enlargement 
mechanism portion may not be used as in the prior art (the number 
of turns has only to be adjusted) , so that the actuator is small. 

Next, the operation of the actuator of this embodiment 
will be described. When voltage is appliedbetween the electrodes 
2a and 2b (positive voltage is applied to the electrode 2a, 
and negative voltage is applied to the electrode 2b) formed 
on the inner circumferential surface and the outer 
circumferential surface of the piezoelectric ceramic 1 wound 
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like the coil, the piezoelectric ceramic 1 wound like the coil 
is deformed in such a direction that its inner circumferential 
side is contracted and its outer circumferential side is expanded 
by the piezoelectric inverse effect. Accordingly, the actuator 
of this embodiment is displaced (deformed) in the direction 
to contract the diameter of the coil. 

Here, if one end portion of the actuator is fixed (for 
example, the right end portion shown in FIG. 1A) , the other 
end portion is rotated in accordance with this displacement 
(the right end portion shown in FIG. 1A is rotated in the 
illustrated direction) . At this time, the rotation direction 
of the other end portion is determined by the winding direction 
of the piezoelectric ceramic 1 , and the number of revolutions 
of the other end portion is determined by the number of turns 
of the piezoelectric ceramic 1, the applied voltage between 
the electrodes 2a and 2b, and the like. 

Besides, the actuator of this embodiment continues to 
keep the state after the change (the state where the coil diameter 
is contracted) when the voltage continues to be applied between 
the electrodes 2a and 2b. However, if the voltage application 
is stopped, the actuator is returned to the state before the 
voltage is applied (the state before the coil diameter is 
contracted) , that is, the initial state. Accordingly, by 
stopping the voltage application between the electrodes 2a and 
2b, the other end portion of the actuator can be rotated in 
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the reverse direction to that at the time of the voltage 
application. 

As stated above, the actuator of this embodiment does 
not require a driver circuit of a complicated structure as in 
a conventional ultrasonic motor, and its rotation operation 
can be controlled by a simple switching circuit capable of 
carrying out application control of voltage between the 
electrodes 2a and 2b. 

Besides, the actuator of this embodiment has a simple 
structure in which the electrodes 2a and 2b are formed on the 
inner circumferential surface and the outer circumferential 
surface of the piezoelectric ceramic 1 shaped like the coil, 
the piezoelectric ceramic 1 can be easily shaped like the coil 
by the extrusion molding or the methods shown in FIGS. 2A to 
4C, and the electrodes 2a and 2b on the inner circumferential 
surface and the outer circumferential surface of the 
piezoelectric ceramic 1 shaped like the coil can also be easily 
formed by the well-known method such as the printing or plating 
method. Accordingly, the actuator of this embodiment can be 
formed inexpensively since the manufacturing process is simple 
and it does not take labor. 

Besides, if the switching circuit is constructed so that 
a reverse voltage (negative voltage is applied to the electrode 
2a, and positive voltage is applied to the electrode 2b) can 
be applied between the electrodes 2a and 2b, the number of 
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revolutions of the other end portion which is not fixed, can 
be substantially doubled. Besides, the return to the initial 
state can also be made at high speed. Further, if an attenuation 
circuit of LCR is provided between the electrodes 2a and 2b, 
speed control at the time of rotation can be performed. 

Next, another embodiment of an actuator of the present 
invention will be described. FIGS. 5A to 5c are views showing 
an outer appearance of the actuator of the embodiment, FIG. 
5A is a front view, FIG. 5B is a view seen in a direction "A" 
shown in FIG. 5A, and FIG. 5C is a sectional view taken in a 
direction B-B shown in FIG. 5A. The actuator of this embodiment 
is such that piezoelectric ceramics la and lb as strain elements 
are respectively formed on an outer circumferential surface 
and an inner circumferential surface of a metal coil 3, and 
electrodes 2a and 2b are formed on surfaces of the piezoelectric 
ceramics la and lb (the surface here is a surface opposite to 
a contact surface to the metal coil 3) . The piezoelectric 
ceramics la and lb and the electrodes 2a and 2b are formed over 
substantially the full length of the metal coil 3. 

The polarization treatment is performed so that the 
piezoelectric ceramic la formed on the inner circumferential 
surface of the metal coil 3 is deformed in the contracting 
direction when voltage is appliedbetween the electrode 2a formed 
on the surface and the metal coil 3 (positive voltage is applied 
to the electrode 2a, and the negative voltage is applied to 



the metal coil 3) (see FIG. 5C) . Besides, the polarization 
treatment is performed so that the piezoelectric ceramic lb 
formed on the outer circumferential surface of the metal coil 
3 is deformed in the expanding direction when voltage is applied 
between the electrode 2b formed on the surface and the metal 
coil 3 (positive voltage is applied to the electrode 2b, and 
negative voltage is applied to the metal coil 3) (see FIG. 5C) . 

Next, a manufacturing process of the actuator of this 
embodiment will be described. First, the piezoelectric ceramics 
la and lb are formed on the inner circumferential surface and 
the outer circumferential surface of the metal coil 3. If 
hydrothermal synthesis disclosed in, for example, Japanese 
Patent Unexamined Publication No. Hei . 5-136476, is used, the 
piezoelectric ceramics la and lb can be easily formed over 
substantially the full length of the metal coil 3. In the case 
where this hydrothermal synthesis is used, the piezoelectric 
elements la and lb formed over substantially the full length 
of the metal coil 3 are polarized as well. However, in the 
hydrothermal synthesis, the polarization directions of the 
piezoelectric elements la and lb are respectively directed 
toward the metal coil 3. Thus, when voltage is applied as shown 
in FIG. 5C, since both of the piezoelectric element la at the 
inner circumferential surface side and the piezoelectric 
element lb at the outer circumferential surface side are deformed 
in the direction to expand the metal coil 3 , the metal coil 



3 is hardly deformed. Incidentally, if voltage is appliedbetween 
the electrodes 2a and 2b differently from the application of 
the voltage shown in FIG . 5C (for example, positive voltage 
is applied to the electrode 2a, and negative voltage is applied 
to the electrode 2b) , deformation can be generated in the metal 
coil 3. However, in this case, in order to obtain a sufficient 
displacement amount in the metal coil 3, a relatively high 
voltage (voltage value) must be applied between the electrodes 
2a and 2b. 

However, if <1> after the piezoelectric ceramics la and 
lb are formed by the hydrothermal synthesis over substantially 
the full length of the metal coil 3, heating and cooling to 
the Curie temperature is performed to remove the polarization 
of the piezoelectric ceramics la and lb, <2> the electrodes 
2a and 2b are formed on the piezoelectric ceramics la and lb, 
and <3> the polarization treatment (re-polarization treatment) 
for adjusting the polarization directions of the piezoelectric 
ceramics la and lb in the same direction is performed, a 
sufficient deformation amount can be obtained in the metal coil 
3 by application of a relatively low voltage (voltage value) 
by the method shown in FIG. 5C. 

Besides, the piezoelectric ceramics la and lb are formed 
over substantially the full length of the metal coil 3 by using, 
not the hydrothermal synthesis, but another method, and the 
piezoelectric ceramic 1 is sintered by performing the firing 



step, and then, the electrodes 2a and 2b may be formed on the 
surfaces of the piezoelectric ceramics la and lb, and the 
polarization treatment and aging may be performed. 

The actuator of this embodiment can be manufactured by 
the above process. 

As stated above, the actuator of this embodiment is also 
inexpensive since a troublesome step is not included in its 
U: manufacturing process and its manufacture is simple. 

O Next, the operation of the actuator of this embodiment 

yy 

fy willbedescribed. When voltage is appliedbetween the electrodes 
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ill 2a, 2b and the metal coil 3 (positive voltage is applied to 

= the electrodes 2a, 2b, and negative voltage is applied to the 

metal coil 3) , the piezoelectric ceramic la formed on the inner 
W circumferential surface of the metal coil 3 is contracted by 

^ the piezoelectric inverse effect, and the piezoelectric ceramic 

lb formed on the outer circumferential surface of the metal 
coil 3 is expanded. The metal coil 3 is deformed in the direction 
to contract the diameter of the coil by the deformation of the 
piezoelectric ceramic 1. 

Accordingly, as described in the above embodiment, if 
one end portion of the metal coil 3 is fixed (if one end of 
this actuator is fixed (for example, the right end portion shown 
in FIG. 5A) ) , the other end portion is rotated in accordance 
with the deformation of contracting this diameter (for example , 
the right end portion shown in FIG. 5A is rotated in the 
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illustrated direction) . At this time, the rotation direction 
of the other end portion is determined by the winding directions 
of the piezoelectric ceramics la and lb, and the number of 
revolutions of the other end portion is determined by the number 
of turns of the piezoelectric ceramics la and lb and the applied 
voltage between the electrodes 2a and 2b. 

Besides, when the application of the voltage is stopped, 
the actuator of this embodiment is also returned to the initial 
state before the voltage is applied. Accordingly, by stopping 
the application of the voltage between the electrodes 2a and 
2b, the other end portion of the actuator can be rotated in 
the direction reverse to that at the application of the voltage . 

As stated above, the actuator of this embodiment does 
not also require a driver circuit of a complicated structure 
as in a conventional ultrasonicmotor , and the rotation operation 
can be controlled by a simple switching circuit capable of 
carrying out application control of voltage between the 
electrodes 2a and 2b. 

Besides, the actuator of this embodiment has the simple 
structure in which the piezoelectric ceramics la and lb are 
formed on the inner circumferential surface and the outer 
circumferential surface of the metal coil 3, and the electrodes 
2a and 2b are formed on the surfaces of the piezoelectric ceramics 
la and lb. Besides, the piezoelectric ceramics la and lb can 
be easily formed on the inner circumferential surface and the 
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outer circumferential surface of the metal coil 3 by the 
well-known hydrothermal synthesis, and the formation of the 
electrodes 2a and 2b on the surfaces of the piezoelectric 
ceramics la and lb can also be easily performed by the well-known 
processing technique such as the printing or plating method. 
Accordingly, a troublesome step is not included in the 
manufacturing process and the actuator of this embodiment can 
also be formed inexpensively. 

Besides , similarly to the actuator of the above embodiment , 
if the switching circuit is constructed such that a reverse 
voltage (negative voltage is applied to the electrode 2a, and 
positive voltage is applied to the electrode 2b) can be applied 
between the electrodes 2a, 2b and the metal coil 3, the number 
of revolutions of the other end portion can be doubled. Besides , 
the return to the initial state can also be made at high speed. 
Further, if an attenuation circuit of LCR is provided between 
the electrodes 2a and 2b, the speed control of the rotation 
operation, and the like can also be carried out. 

Incidentally, although FIGS. 5A to 5C show the actuator 
in which the piezoelectric ceramics la and lb are respectively 
formed on the inner circumferential surface and the outer 
circumferential surface of the metal coil 3, the actuator may 
be such that the piezoelectric ceramic 1 is formed only on one 
of the inner circumferential surface and the outer 
circumferential surface. 
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Hereinafter, use examples of the actuator shown in FIGS. 
5A to 5C will be described. Incidentally, it is needless to 
say that similar effects can be obtained even when the actuator 
is replaced by the actuator shown in FIGS. 1A to 1C. 

In a use example shown in FIG. 6, an actuator is fitted 
on a shaft 11 fixed to a base 10 . One end portion of the actuator 
is fixed to the base 10 at portion A shown in the drawing, and 
the other end portion is fixed to a disk 12, which is rotatably 
attached to the shaft 11, at portion B shown in the drawing. 

In this use example, when voltage is applied between the 
electrodes 2a, 2b and the metal coil 3 of the actuator, and 
the not-fixed end portion of the actuator is rotated, the disk 
12 is rotated in accordance with the rotation. By the rotation 
operation of the disk 12, for example, a distributing flapper 
of bills of an automatic teller machine (ATM) can be driven, 
or a valve of liquid can be closed or opened. 

Besides, if the shaft 11 is rotatably attached to the 
base 10, the actuator can also be used for a mechanism portion 
for rotating the shaft 11. 

Besides, in a use example shown in FIG. 7, when voltage 
is applied between the electrodes 2a, 2b and the metal coil 
3 of the actuator, a shaft 11 is rotated in accordance with 
the rotation of the actuator. The shaft 11 is fitted by screws 
15 and 16 as shown in the drawing, and the shaft 11 is constructed 
to slide in the axial direction by the rotation. The screw 15 
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is attached to an apparatus body, and the screw 16 is attached 
to the shaft 11. 

Besides, as shown in FIG. 8 and FIG. 9, the actuator may 
be attached to the inside of a cylindrical shaft 20. As stated 
above, if the actuator is mounted in the cylindrical shaft 20, 
since the influence of external force can be suppressed, this 
is effective for a swing device of a machine tool or the like. 
Incidentally, in FIG. 8, one end portion of the actuator is 
fixed to a base 21 at portion A shown in the drawing, and the 
other end portion is fixed to an inner circumferential surface 
of the shaft 20 at portion B. Accordingly, when voltage is applied 
between the electrodes 2a, 2b and themetal coil 3 of the actuator, 
the shaft 20 can be rotated. Besides, in FIG. 9, one end portion 
of the actuator is fixed to an inner circumferential surface 
of a shaft 20 at portion A shown in the drawing, and the other 
end portion is fixed to a disk 22 inserted in the shaft 20 at 
portion B shown in the drawing . The disk 22 is rotatably attached 
to the shaft 20. Accordingly, when voltage is applied between 
the electrodes 2a, 2b and the metal coil 3 of the actuator, 
the disk 22 inserted in the shaft 20 is rotated. 

Further, the actuator of this embodiment can also be used 
for a clutch as shown in FIG. 10. In FIG. 10, reference numeral 
25 designates a shaft to be driven and the shaft 25 to be driven 
is inserted in the actuator. One end portion of the actuator 
is fixed to a driving shaft 26 at portion A shown in the drawing. 
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When voltage is not applied between the electrodes 2a, 
2b and the metal coil 3 of the actuator, since the inner diameter 
of the metal coil 3 is larger than the outer diameter of the 
shaft 25 to be driven, the rotation of the driving shaft 26 
is not transmitted to the shaft 25 to be driven. On the other 
hand, if voltage is applied between the electrodes 2a, 2b and 
the metal coil 3 of the actuator, the inner diameter of the 
metal coil 3 is contracted to produce the state in which the 
inner circumferential surface is in press contact with the outer 
circumferential surface of the shaft 25 to be driven, and the 
rotation of the driving shaft 26 is transmitted to the shaft 
25 to be driven. As stated above, the actuator of the embodiment 
can also be used as the clutch. 

Besides, if the actuator is such that when voltage is 
not applied between the electrodes 2a, 2b and the metal coil 
3, the inner diameter of the metal coil 3 is smaller than the 
outer diameter of the shaft 25 to be driven, and the inner 
circumferential surface of the metal coil 3 is in press contact 
with the outer circumferential surface of the shaft 25 to be 
driven, and when voltage is applied between the electrodes 2a, 
2b and the metal coil 3 of the actuator, the inner diameter 
of the metal coil 3 becomes larger than the outer diameter of 
the shaft 25 to be driven, the actuator can also be used as 
a clutch for cutting off the rotation of the driving shaft 26 
transmitted to the shaft 25 to be driven when voltage is applied 



40 



(it can be used as a cutoff clutch) . 

Besides , if the shaft 25 to be driven is fixed, the actuator 
of this embodiment can also be used as a brake. 

Further, the actuator can also be used for a driving 
mechanism portion of a magnetic head in an apparatus for writing 
magnetic data in a magnetic recording medium such as a hard 
disk or a floppy disk. FIG. 11 is a schematic top view showing 
a hard disk device to which the actuator is applied. In FIG. 
11 , reference numeral 51 designates a disk 51 in which magnetic 
data is recorded. This disk 51 is rotated by a not-shown motor. 
Reference numeral 52 designates a magnetic head for 
writing/reading the magnetic data in/from the disk 51. The 
magnetic head 52 is attached to one end portion of a lever 53. 
The other end portion of the lever 53 is freely attached to 
a rotating shaft 55 fixed to a base 54 of a main body. By the 
rotation (direction shown by an arrow in the drawing) of the 
lever 53, a position opposite to the magnetic head 52 is moved 
in the radius direction of the disk 51. 

Since the writing operation and reading operation of the 
magnetic data in the hard disk device are well-known, the 
description is omitted here. 

FIG. 12 is a view showing a structure of a head driving 
portion for moving a magnetic head in a radius direction of 
a disk. The coil-shaped actuator of the embodiment is applied 
to the head driving portion. As shown in the drawing, a rotating 
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shaft 55 fixed to a base 54 is inserted in the actuator. The 
inner diameter of the actuator is larger than the outer diameter 
of the rotating shaft 55. One end portion (lower end portion 
in the drawing) of the actuator is fixed to the rotating shaft 
55, and the other end portion is fixed to a lever 53. 

As described above, when voltage is applied between the 
electrodes 2a, 2b and the metal coil 3 of the actuator, the 
actuator is deformed in the direction to decrease the inner 
diameter. The lever 53 is rotated by the deformation of the 
actuator , and a magnetic head 52 is moved in the radius direction 
of the disk 51. Accordingly, by adjusting the voltage applied 
between the electrodes 2a , 2b and the metal coil 3 of the actuator 
to control the displacement amount of the actuator , the magnetic 
head 52 can be moved to a suitable position with respect to 
the disk 51. 

As stated above, by using the actuator of this embodiment, 
the structure of the driving mechanism portion for driving the 
magnetic head 52 becomes simple, so that miniaturization of 
an apparatus body and reduction in weight can be realized. 
Besides, since the piezoelectric ceramic has a very small time 
constant, an access time to the disk 51 canbe shortened. Besides , 
since the consumed electric power of the piezoelectric ceramic 
is small, the consumed electric power of the apparatus body 
can be reduced. Further, since the positioning control of the 
magnetic head 52 can be carried out by the voltage control, 
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the circuit structure for operating the driving mechanism 
portion is simple , and the cost of the main body can be reduced. 

Incidentally, although the above description has been 
given of the example in which the actuator is used as the driving 
portion of the magnetic head, the actuator of this embodiment 
can also be applied to a driving mechanism portion for driving 
an optical pickup head or the like. 

Next, an actuator of another embodiment of the present 
invention will be described. FIGS. 13A to 13D are views showing 
the actuator of this embodiment. FIG. 13A is a front view, FIG. 
13B is a view seen in a direction "A" shown in FIG. 13A, FIG. 
13C is a view seen in a direction "B" shown in FIG. 13A, and 
FIG. 13D is a sectional enlarged view taken in a direction C-C 
shown in FIG. 13B. The actuator of this embodiment is such that 
electrodes 2 (2a, 2b) are formed on an upper surface and a lower 
surface of a piezoelectric ceramic 1 wound like a coil as shown 
in the drawing. The electrode 2a formed on the upper surface 
of the piezoelectric ceramic 1 is thinner than the width of 
the piezoelectric ceramic 1 and is formed along the outer 
circumference of the piezoelectric ceramic 1 . On the other hand , 
the electrode 2b formed on the lower surface of the piezoelectric 
ceramic 1 is thinner than the width of the piezoelectric ceramic 
1 and is formed along the inner circumference of the 
piezoelectric ceramic 1. The width of each of the electrodes 
2a and 2b is approximately half of the width of the piezoelectric 



ceramic 1 wound like the coil. It is desirable that the width 
of each of the electrodes 2a and 2b is not larger than half 
of the width of the piezoelectric ceramic 1. The electrodes 
2a and 2b are formed over substantially the full length of the 
piezoelectric ceramic 1. The piezoelectric ceramic 1 is 
subjected to the polarization treatment so that when voltage 
is applied between the electrodes 2a and 2b formed on the upper 
surface and the lower surface (positive voltage is applied to 
the electrode 2a, and negative voltage is applied to the 
electrode 2b) , it is expanded in a diagonal direction in which 
the electrodes 2a and 2b are formed as shown in FIG. 13D, and 
is contracted in a diagonal direction in which the electrodes 
2a and 2b are not formed. 

Next, a manufacturing process of the actuator of this 
embodiment will be described. The manufacturing process of the 
actuator of this embodiment is substantially the same as that 
shown in FIG. 1. First, the piezoelectric ceramic 1 is shaped 
like the coil, the piezoelectric ceramic 1 shaped like the coil 
is sintered (the so-called firing step is performed) , and the 
electrodes 2a and 2b are formed on the upper surface and the 
lower surface of the sintered coil-shaped piezoelectric ceramic 
1. At this time, the electrodes 2a and 2b are formed over the 
whole width of the piezoelectric ceramic 1. Thereafter, after 
the polarization treatment and aging are carried out, an 
unnecessary portion of the electrode 2a at the inner 



circumferential side of the piezoelectric ceramic 1 is removed, 
and an unnecessary portion of the electrode 2b at the outer 
circumferential side of the piezoelectric ceramic 1 is removed. 
By the above process, the actuator of this embodiment can be 
manufactured. Besides, an unnecessary portion is masked and 
an electrode may be formed by an electroless plating method. 

Further, the coil-shaped piezoelectric ceramic 1 is 
formed by the methods shown in FIGS. 2A to 4C, and then, the 
formation of the electrodes 2a and 2b, and the polarization 
treatment may be carried out. 

As stated above, the actuator of this embodiment can also 
be easily manufactured, and a troublesome step is not included, 
so that the actuator can be formed inexpensively. 

The operation of the actuator of this embodiment will 
be described. When voltage is applied between the electrodes 
2a and 2b formed on the upper surface and the lower surface 
of the piezoelectric ceramic 1 wound like the coil (positive 
voltage is applied to the electrode 2a, and negative voltage 
is applied to the electrode 2b) , the piezoelectric ceramic 1 
is distorted in the width direction (direction shown by an arrow 
in the drawing) , and the piezoelectric ceramic 1 wound like 
the coil is expanded in the axial direction of the coil. As 
stated above, the actuator of this embodiment is displaced in 
the axial direction by applying the voltage between the 
electrodes 2a and 2b. Besides, also in the actuator of this 
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embodiment, similarly to the above embodiment , the displacement 
in the axial direction can be controlled by a simple switching 
circuit capable of carrying out application control of voltage 
between the electrodes 2a and 2b. 

Next , another embodiment of an actuator which is displaced 
in an axial direction similarly to the actuator of the above 
embodiment will be described. FIGS . 14A to 14D are views showing 
the actuator of this embodiment. FIG. 14A is a front view, FIG. 
14B is a view seen in a direction "A" shown in FIG. 14A, FIG. 
14C is a view seen from a direction "B" shown in FIG. 14A, and 
FIG. 14D is a sectional view taken in a direction C-C shown 
in FIG. 14B. The actuator of this embodiment is such that 
piezoelectric ceramics la and lb are respectively formed on 
an upper surface and a lower surface of a metal coil 3 wound 
like a coil, and electrodes 2 (2a, 2b) are formed on surfaces 
of the piezoelectric ceramics la and lb. The piezoelectric 
ceramic la formed on the upper surface of the metal coil 3 is 
formed in a winding direction along a side portion at an outer 
circumferential side, and the piezoelectric ceramic 1 formed 
on the lower surface of the metal coil 3 is formed in the winding 
direction along a side portion at an inner circumferential side . 
The width of each of the piezoelectric ceramics la and lb is 
approximately half of the width of the metal coil 3 wound like 
the coil. Preferably, the width of each of the piezoelectric 
ceramics la and lb is not larger than half of the width of the 



metal coil 3 wound like the coil. Besides, the piezoelectric 
ceramics la and lb are formed over substantially the full length 
of the metal coil 3. Further, a polarization adjustment is made 
such that when voltage is applied between the electrodes 2a, 
2b and the metal coil 3 (positive voltage is applied to the 
electrodes 2a and 2b, and negative voltage is applied to the 
metal coil 3) , the piezoelectric ceramics la and lb of this 
embodiment are expanded in the vertical direction with respect 
to the sheet face in FIG. 14D. 

Next, a manufacturing process of the actuator of this 
embodiment will be described. The manufacturing process of the 
actuator of the embodiment is substantially the same as that 
shown in FIGS. 5A to 5C. First, the piezoelectric ceramics la 
and lb are formed on the upper surface and the lower surface 
of the metal coil 3 by hydrothermal synthesis. At this time, 
the piezoelectric ceramic la is formed only on a necessary 
portion of the upper surface of the metal coil 3 at the outer 
circumferential side , and the piezoelectric ceramic lb is formed 
only on a necessary portion of the lower surface of the metal 
coil 3 at the inner circumferential side. 

Here, in the case where the piezoelectric ceramics la 
and lb are formed over substantially the full. length of the 
metal coil 3 by the hydrothermal synthesis, the polarization 
directions of the piezoelectric ceramics la and lb are directed 
toward the metal coil 3, and the polarization adjustment is 
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made so "that when voltage is applied, between the electrodes 
2a, 2b and the metal coil 3 (positive voltage is applied to 
the electrodes 2a, 2b, and negative voltage is applied to the 
metal coil 3) , the piezoelectric ceramics are expanded in the 
vertical direction with respect to the sheet face . Accordingly, 
the polarization treatment for removing the polarization of 
the piezoelectric ceramics la and lb and for again adjusting 
the polarization direction, which is explained in the 
manufacturing process of the actuator of FIGS. 5A to 5C, may 
not be performed. 

Besides, the piezoelectric ceramics la and lb are formed 
over substantially the full length of the metal coil 3 by using, 
not the hydrothermal synthesis, but another method, and the 
piezoelectric ceramic 1 is sintered by performing the firing 
step, and then, the electrodes 2a and 2b may be formed on the 
surfaces of the piezoelectric ceramics la and lb by the foregoing 
method, and the polarization treatment, and aging may be 
performed. The actuator of this embodiment is manufactured by 
the above process. 

As stated above, the actuator of this embodiment can also 
be easily manufactured, and can be formed inexpensively since 
a troublesome step is not included. 

Next, the operation of the actuator of this embodiment 
will be described . When voltage is appliedbetween the electrodes 
2a, 2b and the metal coil 3 of the actuator (positive voltage 
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is applied to the electrodes 2a, 2b, and negative voltage is 
applied to the metal coil 3) , the metal coil 3 is distorted 
in the width direction by the displacement of the piezoelectric 
ceramics la and lb, and the metal coil 3 is expanded in the 
axial direction. As stated above , the actuator of this embodiment 
is displaced in the axial direction by applying the voltage 
between the electrodes 2a, 2b and the metal coil 3. Besides, 
also in the actuator of this embodiment, similarly to the above 
embodiment, the displacement in the axial direction can be 
controlled by a simple switching circuit capable of carrying 
out application control of voltage between the electrodes 2a, 
2b and the metal coil 3. 

Further, with respect to the actuator shown in FIGS. 14A 
to 14D, as shown in FIGS. 15A to 15D, piezoelectric ceramics 
lc and Id may be added on the upper surface and the lower surface 
of the metal coil 3. The polarization adjustment is made such 
that the piezoelectric ceramics lc and Id are contracted in 
the vertical direction with respect to the sheet face in FIG. 
15D when voltage is applied between the electrodes 2c , 2d formed 
on the surfaces and the metal coil 3 . Accordingly, when voltage 
is applied between the electrodes 2a to 2d and the metal coil 
3 (positive voltage is applied to the electrodes 2a to 2d, and 
negative voltage is applied to the metal coil 3 ) , the distortion 
generated in the metal coil 3 is larger than that of the actuator 
shown in FIG. 14. Accordingly, the actuator of this embodiment 



generates a larger displacement in the axial direction than 
that shown in FIG. 14. 

Besides, in the actuator shown in FIG. 15, although two 
of the piezoelectric ceramics la to Id are formed side by side 
on the upper surface and the lower surface of the metal coil 
3, respectively, two piezoelectric ceramics 1 may be arranged 
on only one surface of the upper surface and the lower surface. 

Incidentally, in the case where the piezoelectric 
ceramics la to Id are formed on the upper surface and the lower 
surface of the metal coil 3 by the hydrothermal synthesis , since 
the polarization directions of the piezoelectric ceramics 1c 
and Id are also directed toward the metal coil 3 , the polarization 
treatment for removing the polarization of the piezoelectric 
ceramics la and lb and for again adjusting the polarization 
direction, which is explained in the manufacturing process of 
the actuator of FIG. 2, is carried out. 

As stated above, although the actuator shown in FIGS. 
13A to 15D are different from the actuator shown in FIGS. 1A 
to 1C in that the actuator is displaced in the axial direction 
of the coil , as described above , similarly to the actuator shown 
in FIGS. 1A to 1C, since the manufacturing process does not 
include a troublesome step, it can be easily manufactured and 
is inexpensive. 

Besides, in the actuator shown in FIGS. 13A to 13D, 
although the electrodes 2a and 2b narrower than the width of 
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the piezoelectric ceramic 1 are formed on the upper surface 
and the lower surface of the piezoelectric ceramic 1 shaped 
like the coil, as shown in FIGS. 16A to 16C, even if electrodes 
2a and 2b lower than the height of the piezoelectric ceramic 
1 are formed on the inner circumferential surface and the outer 
circumferential surface of the piezoelectric ceramic 1 wound 
like the coil, the actuator having the same effect can be 
obtained . 

Besides, in the actuator shown in FIGS. 14A to 14D, 
although the piezoelectric ceramics la and lb narrower than 
the width of the metal coil 3, and the electrodes 2a and 2b 
are formed on the upper surface and the lower surface of the 
metal coil 3, as shown in FIGS. 17A to 17C, even if the 
piezoelectric ceramics la and lb lower than the metal coil 3 
and the electrodes 2a and 2b are formed on the inner 
circumferential surface and the outer circumferential surface 
of the metal coil 3, the actuator having the same effect can 
be obtained. 

Further, in the actuator shown in FIGS. 15A to 15D, 
although the piezoelectric ceramics la to Id narrower than the 
width of the metal coil 3 and the electrodes 2a to 2d are formed 
on the upper surface and the lower surface of the metal coil 
3 , as shown inFIGS. 18Ato 18C, evenif the piezoelectric ceramics 
la to Id lower than the height of the metal coil 3 and the 
electrodes 2a to 2d are formed on the inner circumferential 



surface and the outer circumferential surface of the metal coil 
3, the actuator having the same effect can be obtained. 

Since the actuator of the embodiment is displaced in the 
axial direction, it is conceivable that the actuator is used 
for, for example, a suspension spring of an automobile or the 
like. In the actuator using the piezoelectric ceramic 1, as 
well known, the sensing of vibration and the attenuation of 
vibration by application control of voltage can be electrically 
controlled, it is said that flexible control can be carried 
out. Besides, since an oil damper becomes unnecessary, the cost 
of the automobile to which the actuator is applied can be greatly 
reduced. 

Besides, in an adjustment structure of a fuel injection 
device valve used for an automobile or the like, the above 
actuator may be used for a driving mechanism portion of a needle . 

Besides, in all the foregoing embodiments, the shape of 
the piezoelectric ceramic 1 or the metal coil 3 may be formed 
into a shape shown in FIG. 19A or FIG. 19B. The shape shown 
in FIG. 19A or 19B is a shape generally called a bamboo spring, 
and is a spring shape in which a large displacement is obtained 
in the axial direction. FIGS. 19A and 19B show sections of the 
bamboo springs . 

Next, an actuator of another embodiment of the present 
invention will be described. FIG. 20A is a view showing the 
actuator of this embodiment, and FIG. 20B is a view (view seen 
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in a direction "A" shown in FIG. 20A) showing a lower surface 
of the actuator. The actuator of this embodiment is such that 
an electrode 2a having a width not larger than half of the width 
of a piezoelectric ceramic 1 is formed on an upper surface of 
the belt-shaped piezoelectric ceramic 1 along one side portion, 
and an electrode 2b having a width not larger than half of the 
width of the piezoelectric ceramic 1 is formed on a lower surface 
of the belt-shaped piezoelectric ceramic 1 along the other side 
portion. As is apparent from this drawing as well, the actuator 
of this embodiment is such that the piezoelectric ceramic 1 
in the actuator shown in FIGS. 13A to 13D is made belt-shaped 
(so-called torsion bar) . 

Besides, as another embodiment of this torsion bar type 
actuator, ones shown in FIGS. 21A and 21B and FIGS. 22A and 
22B are conceivable. FIGS. 21A and 21B show the actuator in 
which the metal coil 3 of the actuator shown in FIGS. 14A to 
14D is replaced by a belt-shaped metal plate 3a, and FIGS. 22A 
and 22B show the actuator in which the metal coil 3 of the actuator 
shown in FIGS. 15A to 15D is replaced by a belt-shaped metal 
plate 3a. 

The actuators shown in FIGS. 20Ato 22B can be manufactured 
by substantially the same processes as the actuators shown in 
FIGS. 13A to 15D, respectively. 

Incidentally, although FIGS . 22Aand 22B show the actuator 
in which two piezoelectric ceramics la to Id are formed side 



by side on both the surfaces of the metal plate 3a, two 
piezoelectric ceramics 1 may be formed on only one of the 
surfaces . 

Next, the operation of these actuators will be described. 
In the actuators shown in FIGS. 20A to 22B, when voltage is 
applied between the electrodes 2a and 2b (FIGS. 20A and 20B) , 
between the electrodes 2a, 2b and the metal plate 3a (FIGS. 
21A and 2 IB) , and between the electrodes 2a to 2d and the metal 

ff, plate 3a (FIGS. 22A and 22B) , distortion is generated in the 

: J direction shown in the drawing. 

f== As a use example of the actuators shown in FIGS. 20A to 

fj 22B, as shown in FIG. 23, an example is conceivable in which 

O flappers 30 are attached to the actuator, and the flappers 30 

Q are rotated in the directions shown in the drawing by the 

distortion generated by application control of voltage. 

Further, an actuator of another embodiment of the present 
invention will be described. FIGS. 24Aand24B are views showing 
the actuator of this embodiment. FIG. 24A is a top view, and 
FIG. 24B is a sectional view taken in a direction A-A shown 
in FIG. 24A. In the actuator of this embodiment, the coil-shaped 
actuator shown in FIGS. 1A to 1C or FIGS. 5A to 5C is made 
spring-shaped. Incidentally, reference numeral 35 in the 
drawing designates a shaft attached to the center of a 
piezoelectric ceramic 1 or a metal coil 3 wound into a spiral 
shape (spring shape) . 
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Incidentally, FIG. 25A is a view showing a structure of 
a portion B shown in FIG. 24B with respect to the actuator in 
which the actuator shown in FIGS . 1A to 1C is made spring-shaped, 
and FIG. 25B is a view showing a structure of the portion B 
shown in FIG. 24B with respect to the actuator in which the 
actuator shown in FIGS. 5A to 5C is made spring-shaped. 

Besides, the actuator of this embodiment can be 
manufactured by substantially the same method as the actuator 
shown in FIGS. 1A to 1C or FIGS. 5A to 5C. The description of 
the manufacturing process is omitted here. 

Incidentally, the actuator can not be manufactured by 
the methods shown in FIGS. 2A to 2E and FIGS. 3A to 3E . 

The actuator of this embodiment is displaced in the 
direction in which a coil diameter is contracted in a spirally 
wound coil portion when voltage is appliedbetween the electrodes 
2a and 2b or between the electrodes 2a, 2b and the metal coil 
3. The shaft 35 provided at the center of the coil is rotated 
by this displacement. 

The actuator of this embodiment can be applied to the 
rotation driving of the head in the hard disk device shown in 
FIG. 11. FIG. 26 is a view showing a structure of a head driving 
portion for moving a head in a radius direction of a disk. The 
coil-shaped actuator of the embodiment is applied to the head 
driving portion. A rotating shaft 55 rotatably attached to a 
base 54 is inserted in the actuator of this embodiment. An inner 
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diameter of the actuator is larger than an outer diameter of 
the rotating shaft 55. One end portion of the actuator is fixed 
to the rotating shaft 55, and the other end portion is free. 

Incidentally, a lever 53 is fixed to the rotating shaft 

55. 

As described above, when voltage is applied between the 
electrodes 2a, 2b and the metal coil 3 of the actuator, the 
actuator is deformed in the direction in which the inner diameter 
becomes small. The rotating shaft 55 is rotated by the 
displacement of this actuator. The lever 53 is rotated in 
accordance with the rotation of this rotating shaft 55, and 
a magnetic head 52 is moved in the radius direction of a disk 
51. Accordingly, by adjusting the voltage applied between the 
electrodes 2a, 2b and the metal coil 3 of the actuator to control 
the displacement amount of the actuator, the magnetic head 52 
can be moved to a suitable position with respect to the disk 
51 . 

As stated above, since the structure of the driving 
mechanism portion for driving the magnetic head 52 becomes simple , 
miniaturization and reduction in weight of an apparatus main 
body can be realized. Besides, since the piezoelectric ceramic 
has a very small time constant, an access time to the disk 51 
can be shortened. Besides, since the consumed electric power 
of the piezoelectric ceramic is small, the consumed electric 
power of the apparatus main body can be reduced. Further, since 



positioning control of the magnetic head 52 can be carried out 
by voltage control , a circuit structure for operating the driving 
mechanism portion can be made simple, and the cost of the main 
body can be reduced. 

Further, if a spring used for various appliances, for 
example, a watch is replaced by this actuator, when it is wound, 
energy is mechanically stored and electricity can be generated. 
Further, as described later, if the piezoelectric spring is 
made to have a laminate structure, and a part is formed as a 
capacitor, storage of an electric charge becomes possible, and 
electricity can be generated even at the time of unwinding the 
spring . 

As stated above , by using the spring-shaped actuator which 
can generate and store energy, miniaturization of various 
appliances, such as a watch, and reduction in cost can be 
realized . 

Besides , as shown in FIGS . 27A and 27B , both end portions 
may be wound into a spiral shape . When voltage is applied between 
the electrodes 2a and 2b or between the electrodes 2a, 2b and 
the metal coil 3, the actuator shown in FIG. 27A and 27B is 
displaced in the direction to reduce the coil diameter at coil 
portions of both the end portions, so that two shafts 35a and 
35b are rotated in reverse directions to each other. 

Next, an embodiment of an actuator in which a dielectric 
is provided in parallel with a piezoelectric ceramic 1 will 



be described. Incidentally, in any actuator of the foregoing 
embodiments, if the dielectric is provided in parallel with 
the piezoelectric ceramic 1 {la to Id) , effects set forth below 
can be obtained. 

As well known, the dielectric functions as a capacitor. 
FIG. 28 shows a circuit in which a capacitor CI is connected 
in parallel with the piezoelectric ceramic 1. Incidentally, 
in this drawing, PS designates a power source , and SW designates 
a switch for controlling (on/off) the application of voltage 
to the piezoelectric ceramic 1. 

In the circuit shown in FIG. 28, when the switch SW is 
turned on, voltage is applied to the piezoelectric ceramic 1, 
and the actuator is displaced as described above . When the switch 
SW is turned off, since an electric charge is stored in the 
capacitor CI, the state in which voltage is applied continues 
in the piezoelectric ceramic 1 , and the actuator is not returned 
to the initial state. As stated above, the return of the actuator 
to the initial state can be restricted by the capacitor 
(dielectric) provided in parallel with the piezoelectric 
ceramic 1 ( la to Id) . Besides , if the capacitance of the capacitor 
CI is adjusted, it is possible to control a time from the point 
when the switch SW is turned off to the point when the actuator 
starts to return to the initial state. Besides, if a discharge 
circuit for discharging the electric charge stored in the 
capacitor CI is provided, by adjusting the time constant of 
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the discharge circuit, it is also possible to control a time 
from the point when the switch SW is turned off to the point 
when the actuator is returned to the initial state, and to carry 
out speed control at the time of returning. 

The capacitor CI may be provided in the switching circuit 
for controlling the operation of the actuator, or may be formed 
integrally with the actuator. 

Hereinafter, a manufacturing process of an actuator in 
which the capacitor CI is integrally formed, will be described. 
A step of forming the piezoelectric ceramic 1 (la to Id) on 
the metal coil 3 or the metal plate 3a, and steps up to the 
formation of the electrode 2 (2a to 2d) on the surface of the 
piezoelectric ceramic 1 are the same as the steps in the foregoing 
manufacturing process of the actuator. Here, for facilitation 
of explanation, an actuator is exemplified in which the 
piezoelectric ceramic 1 is formed on the upper surface of the 
belt-shaped metal plate 3a and the electrode 2 is formed on 
the surface of the piezoelectric ceramic 1 , and steps subsequent 
to this will be described. 

FIG. 29A shows a state where the piezoelectric ceramic 
1 and the electrode 2 are formed on the metal plate 3 , and a 
polarization treatment is not performed. Here, a part (portion 
surrounded by a broken line in the drawing) of the piezoelectric 
ceramic 1 and the electrode 2 is cut off from another part to 
make a state where electrical connection is not made (see FIG. 
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29B) . The polarization treatment is not performed for the cut 
off part, and the polarization treatment is performed for the 
other part. That is, high voltage is not applied to the cut 
off part. When the polarization treatment is completed, aging 
is performed, and after the aging is completed, an electrode 
5 for electrically connecting the cut off part to the part 
subjected to the polarization treatment is formed (see FIG. 
29C) . 

In the actuator manufactured by the above steps, when 
voltage is applied between the electrode 2 and the metal plate 
3, although the piezoelectric inverse effect does not occur 
in the part which has not been subjected to the polarization 
treatment, the piezoelectric inverse effect occurs in the part 
which has been subjected to the polarization treatment, so that 
a designated displacement is generated. On the other hand , since 
the piezoelectric ceramic 1 is originally a dielectric, it 
functions as a capacitor. Accordingly, the part which has not 
been subjected to the polarization treatment functions as the 
capacitor CI shown in FIG . 28 . As stated above , by merely changing 
the manufacturing process of the actuator slightly, it is 
possible to manufacture the actuator in which the dielectric 
is connected in parallel with the piezoelectric ceramic 1. Of 
course, the capacitor CI may be formed by another material 
superior in dielectric properties . 

Further, the piezoelectric ceramic 1 used for all the 
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embodiments may be a laminate type . The laminate type 
piezoelectric ceramic lis such that a plurality of piezoelectric 
ceramics 1 are laminated while electrodes 2 are interposed 
between them as shown in FIG. 30. 

Incidentally, the electrode 2 is formed not only between 
the layers of the piezoelectric ceramics 1 , but also on the 
obverse and reverse surfaces of the actuator. 

In a bimorph type piezoelectric element, as the thickness 
becomes thin , the displacement becomes large , however , the force 
generated by the displacement becomes small. However, a large 
force can be generated by laminating a plurality of piezoelectric 
elements, and a large displacement can also be obtained, so 
that the actuator can be constructed to be further small . Besides , 
aportionbetween laminate layers of the laminatedpiezoelectric 
ceramics 1 may be an adhering type or may be a non-adhering 
type. 

In the laminate type actuator, for example, as shown in 
FIG. 31, six piezoelectric ceramics 1 each having the 
polarization direction of an upward direction are superimposed 
on each other while the electrodes 2 are interposed between 
them. In the case where the electrodes 2 on the obverse and 
reverse surfaces and between the layers are made alternately 
a positive electrode and a negative electrode and voltage is 
applied , in the piezoelectric ceramics 1 of the respective layers , 
the expanding and contracting directions of the piezoelectric 



ceramics 1 , which are vertically positioned while the electrodes 
2 are interposed between them, alternately become opposite to 
each other. In this case, the vertically positioned 
piezoelectric ceramics 1 are deformed in the opposite directions 
to each other. Thus, the friction generated between the 
respective layers acts in the direction to prevent the 
deformation of the piezoelectric ceramic 1, and the generated 
force is decreased by this. 

| J 

Then, as shown in FIG. 32A, the lamination is carried 
out so that the polarization directions of the piezoelectric 
f s l ceramics 1 positioned vertically at both sides of the electrode 

J=-- s 2 become opposite to each other. Besides, the respective 

f»a electrodes 2 are connected as shown in the drawing, and voltage 

p is applied so that the piezoelectric ceramics 1 of the upper 

three layers are deformed in the expanding direction, and the 
piezoelectric ceramics 1 of the lower three layers are deformed 
in the contracting direction. 

In a method shown in FIG. 32A, voltage is not applied 
to the electrode positioned between the upper three layers and 
the lower three layers. Positive voltage and negative voltage 
are alternately applied to the other electrodes 2. 

In this case, there is one place where the piezoelectric 
ceramics 1 deforming in the opposite directions are vertically 
positioned {there are five places in the actuator shown in FIG. 
31) . Thus, as compared with the actuator shown in FIG. 31, a 
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force acting in the direction to prevent the displacement of 
the piezoelectric ceramic 1 can be suppressed, and a larger 
force can be generated. 

Besides, the actuator shown in FIG. 32A can be easily- 
manufactured as described below. 

When the piezoelectric ceramics 1 are formed by the 
hydrothermal synthesis on the obverse and reverse surfaces of 
a titanium base member functioning as the electrode 2, the 
polarization directions of the piezoelectric ceramics 1 formed 
on the observe and reverse surfaces of the electrode 2 (titanium 
base member) become directions directed toward the electrode 
2 (see FIG. 32B) . Accordingly, by superimposing three such 
product (the product shown in FIG. 32B) in each of which the 
piezoelectric ceramics 1 are formed by the hydrothermal 
synthesis on the obverse and reverse surfaces of the electrode 
2 (titanium base member) , the actuator shown in FIG. 32A can 
be manufactured. 

Besides, with respect to the intermediately disposed 
product, the electrode 2 may not be formed on the obverse and 
reverse surfaces of the formed piezoelectric ceramic 1 . It is 
sufficient if the electrode 2 is formed on the obverse and reverse 
surfaces of the formed piezoelectric ceramic 1 only with respect 
to the products disposed at the upper side and the lower side. 
The reason is that the intermediately disposed product can share 
the electrodes 2 formed on the products disposed at the upper 



side and the lower side. 

Besides, as shown in FIG. 33, the product shown in FIG . 
32B may be disposed at the upper and lower sides of a capacitor 
60 made of a dielectric layer. In this case, even if 
electrification is stopped by cutting of f a power supply circuit, 
since an electric charge is held in the capacitor 6 0 (dielectric) , 
the displacement can be held for a definite time. Although the 
piezoelectric ceramic 1 is originally a dielectric material 
and is polarized and charged by electrification, since its 
internal resistance is not infinite, the piezoelectric ceramic 
discharges the electricity in a time corresponding to the 
internal resistance value, and the deformation of the actuator 
is returned. If a dielectric member superior in charging 
efficiency is disposed at a place where a contribution effect 
to a displacement operation is low, the holding effect of the 
displacement becomes more remarkable. 

As described above, according to the present invention, 
the structure is simple, and the manufacturing process does 
not include a troublesome step, so that the manufacturing cost 
is low. Besides, since the actuator itself is small, the 
miniaturization of an apparatus to which this actuator is applied 
and the reduction in cost can be easily realized. 

Besides, according to the present invention, a strain 
element formed into a coil shape or a spring shape can be easily 
manufactured . 
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